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Abstract
Creating collections of societally impactful events is a challenging task given the sheer amount of information about such
events covering a large variety of aspects and perspectives in web archives and the live web. The automatic creation of such
collections from web archives typically does not live up to the high standards of web archivists, who put lots of manual effort
into carefully curating collections. Furthermore, the lack of engaging presentation methods sets up a burden for any users
aiming to interact effectively with event collections in order to explore an event in its entirety. Therefore, we (i) conduct expert
interviews to determine the requirements for building and utilising event collections from the perspectives of web archivists,
(ii) introduce EventExplorer – a retrieval-augmented generation (RAG) approach to create event collections through efficient
retrieval and diversified ranking – and make it available in an interactive web system, (iii) apply EventExplorer on different
sources including a web archive and the live web, (iv) discuss which requirements are met by EventExplorer as well as the
challenges that remain for future work, with a specific emphasis on the distinctive characteristics of both archived web and
the live web environments. We demonstrate the effectiveness of EventExplorer applied on web archives through a user study
of our interactive system. Then, we transfer our lessons learned to the live web by creating event collections of 166 elections
in Europe. Our evaluation results show the effectiveness of EventExplorer in addressing the requirements identified in our
expert interviews. Further, we derive a set of challenges and potential future steps for bringing together the automatic creation
of web archive collections and manual curation. Finally, we discuss how to make web archives ready for their use in RAG
systems.

Keywords Web archives · Event collections · Retrieval-augmented generation · Knowledge graph

1 Introduction

The world is constantly facing societally impactful events
such as terrorist attacks, migrant crises, and elections, result-
ing in a vast amount of event-centric information on the web.
Such information, subject to dynamic changeswhen the event
unfolds, is typically told fromseveral views and covers a large
variety of aspects. Web archives, which contain the contents
ofwebsites in different snapshots over time, serve as an indis-
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pensable tool for understanding the unfolding of an event in
retrospect [1].

Consequently, digital humanities researchers and social
scientists rely on web archives to analyse the significant
events that influence and shape our societies [2]. To facil-
itate the understanding and managing of the growing volume
of web archives, web archivists organise them into collec-
tions [3]. An example of such endeavours is Archive-It,
a service of the Internet Archive that provides manually
curated collections. Fig. 1 shows an example of theArchive-It
Brexit collection1 that contains links to 71 archived websites
about Brexit, manually selected by web archivists and only
marginally categorised into a set of groups like “Agencies
and other bodies” and “European Parliament”.

The creation of such an event collection requires manual
effort which is not feasible to do for all events of potential

1 https://archive-it.org/collections/11980
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Fig. 1 The Brexit collection in
Archive-It

interest to a user. Moreover, dealing with the large volume
of information in web archives presents several challenges
from the perspective of user interaction [4–6]. Therefore,
there is a need for methodologies for the automatic creation
of event collections that adapt to the specific constraints of
web archives, including time-consuming access to websites
[7] and the lack of dense retrieval methods [8].

In this article, our goal is to explore methods for the auto-
matic creation of event collections from web archives and
the live web, and to understand the challenges and potentials
when creating event collections from different sources.

In the first step, we perform extensive interviews with
experts from different European web archiving initiatives
that specifically target at the creation of archived collec-
tions. Then, to perform a deeper analysis of automatically
created event collections, we conduct a user study on Even-
tExplorer, a new system for creating and exploring event
collections from web. EventExplorer aims to provide the
complete picture of an event through (i) identification of
event aspects in a knowledge graph, (ii) efficient website
retrieval through aspect-related queries, and (iii) diversified
ranking techniques using the retrieved website snippets to
cover awide range of event aspects. For exploring the created
event collections, we employ a large language model (LLM)
via retrieval-augmented generation (RAG) [9], where we
let the LLM create different descriptive components (sum-
maries, metadata and timelines) which are interlinked with
the retrieved websites.

We evaluate EventExplorer’s event collection on web
archives and the live web: First, we perform a user study
where our web archive experts explore event collections cre-

ated from the Portuguese Web Archive2. Then, we explore
EventExplorer’s performance on the live web using the Bing
search. While the live web comes with less resources regard-
ing the temporal evolution of an event unfolding, it provides
results of high quality and relevance. This exploration helps
us understand the potential ofEventExplorer in different web
environments, providing insights into how the features of the
live web data impact the created event collections.

With our expert interviews and the studies of EventEx-
plorer, we aim to find answers to the following research
questions:

(RQ1) What are the essential requirements for both creating
and utilising event collections effectively?

(RQ2) Howcan retrieval-augmentedgeneration (RAG) improve
user interaction and exploration of event collections?

(RQ3) How can the RAG-based event collection creation be
adopted to different settings like the live web?

(RQ4) Is full automation feasible for the creation of event
collections from web archives?

(RQ5) What potential research directions emerge from the
findings of this study?

To address these research questions, our contributions in
this article are as follows:

• We conduct interviews with experts in web archives and
digital libraries to understand the requirements for build-
ing and using event collections in web archives.

2 https://arquivo.pt/
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• We propose an algorithm for creating event collections
from web based on a retrieval step guided by an event
knowledge graph and BERT-based ranking.

• We design and implement an interactive web system3

that enables intuitive navigation and exploration of event
collections.

• In a user study, we demonstrate how retrieval augmented
generation with LLMs in our web system can help
explore event collections created from the Portuguese
Web Archive.

• We perform an analysis comparing our event collection
approach on five sources: web archives (PortugueseWeb
Archive), the live web (Google News and Bing), and
LLMs (ChatGPT and Microsoft Copilot).

• Weperform a case study ofEventExplorer in the live web
by creating event collections of elections in Europe.

The remainder of this article is structured as follows:Next,
we present related work (Section 2). Then, in Section 3, we
gather insights of web archiving experts to understand the
key requirements for creating and utilising event collections
(RQ1). In Section 4, we describe the task of event collection
creation and EventExplorer, our approach towards it, with
a specific focus on RAG (Section 4.7) (RQ2). We evaluate
EventExplorer through user studies and further analyses on
archived and the live web in Section 5 and Section 6, respec-
tively (RQ3). Based on our findings, we discuss the potential
of automatic creation of event collections (RQ4) and identify
key challenges for future developments (RQ5) in Section 7.
We conclude in Section 8.

2 RelatedWork

In this section, we review the existing works in four key areas
relevant to our study.

2.1 Search and Exploration inWeb Archives

Various studies have delved into understanding user needs,
examining archivists’ practices, and identifying challenges in
engaging users in the domain of web archiving. Costa et al.
[10] explore the information needs of web archive users and
their search behaviours by gathering feedback from them.
In another work [11], the authors observe web archivists
at the Internet Archive using an ethnographic approach to
understand their practices. Hockx-Yu [12] analyse the fac-
tors contributing to the limited scholarly use of web archives
and formulated a set of requirements for improving them.
Jones et al. [13] investigate the temporal nature and the pro-
cesses involved in the creation of collections by Archive-It

3 https://eventexplorer.l3s.uni-hannover.de/

web archivists. Jayanetti et al. [3] reviewe eight web archive
platforms’ collection structures and navigational hierarchies.

Several studies have focused on storytelling to tackle the
challenges of exploring large volumes of web archive col-
lections and to enhance users’ experience. AlNoamany et
al. [5] identify candidate web pages within a collection and
employ tools like Storify to summarise and present them
to users. Jones et al. [14] introduce MementoEmbed a tool
designed to summarise collections and generate stories, facil-
itating exporting these narratives for archivists. Furthermore,
Hypercane [15, 16] is a tool that utilises storytelling tech-
niques to select exemplar pages fromweb archive collections
and display them in a social media interface. Jones et al. [17]
study the role of surrogates in understanding a web archive
collection by users. [18] improve collection understanding
by summarising these collections and visualising the sum-
maries.

Regarding developing interfaces for web archive explo-
ration, Archives Unleashed Cloud [19] offers a web-based
interface for working with web archives at scale. Kelly et al.
[20] propose a method for users to navigate personalised rep-
resentations of mementos. Furthermore, Public Archive [21]
offers an intuitive interface for users to search and analyse a
vast collectionof preservednews articles from thePortuguese
reference newspaper Jornal Público.

2.2 Event Collections and Narratives

In the ongoing effort to create web archive collections specif-
ically for events, Nanni et al. [22] use relevant concepts and
entities collected from a knowledge base. They extract a set
of potentially relevant entities, collect some related passages,
and finally use embedding techniques in a learning to rank
method to provide a final rank list of documents. Gossen
et al. [23] present an approach based on focused crawling
of web archives to create event-centric collections without
requiring any full-text indices. Demidova et al. [1] explore
techniques for constructing event-centric collections from
large-scale web archives, focusing on crawl-based methods
that identify relevant documents and incorporate link net-
works as contextual elements. Plötzky et al. [24] explore
narratives that enhance the semantics of complex real-world
events and describe their internal structure from multiple
perspectives. The authors propose a narrative model that
recursively represents narratives related to real-world events.

2.3 Query Expansion and Dense Ranking

In recent years, large language models (LLMs) have signifi-
cantly improved document ranking. Nogueira et al. [25] first
applied BERT [26] to document ranking, followed by sev-
eral methods [27–30] utilising LLMs for document ranking.
Query expansion is a technique aimed at enhancing retrieval
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performance by adding terms to the user’s query. Various
approaches leverage knowledge graphs to find related entities
to the query [31–35] for query expansion. Two approaches
focus specifically on event-related queries: Rosin et al. [36]
utilise Wikipedia2Vec embeddings and Abdollahi et al. [37]
use EventKG [38] and BERT [26].

2.4 Retrieval-Augmented Generation (RAG)

Retrieval-Augmented Generation (RAG) [9] facilitates text
generation based on information retrieved from external
sources. This approach effectively addresses the challenges
of LLM “hallucinations” and access to the most recent
data. RAG has been applied across various domains such as
language modelling [39, 40], text summarization [41], para-
phrase generation [42] and citation identification [43].

Recent studies have expanded RAG’s applicability to
more specialised areas. Ji et al. [44] introduce the RAG-
RLRC-LaySum framework, which uses RAG to generate
comprehensible text from biomedical scientific content for
non-specialists, making complex information more under-
standable. Similarly, He et al. [45] implement a RAG
approach to generate headlines and important numerical data
from news articles through an end-to-end training pipeline.
Furthermore, Zhang et al. [46] propose REACT, which
generates commit messages related to automated software
engineering tasks.

3 Requirements Analysis through Expert
Interviews

We conducted extensive interviews with web archive experts
to identify the requirements of event collections created from
the rich contents available in web archives.

Our interviews are guided by the following three goals:

(G1) What is the process of creating and maintaining event
collections?

(G2) What are user needs and expectations of web archive
collections?

(G3) What are the characteristics of event collections?

3.1 Setup & Participants

Weconducted online video interviewswithweb archive cura-
tors and web archivists, all employed by different national
web archives in Europe. They were selected for their exten-
sive expertise in the field of web archiving: Each expert
rated their knowledge of web archives, web archive collec-
tions and their creation and maintenance as “advanced” or
“expert”. Further, they dedicated significant time to in-depth
interviews, providing valuable insights: The five interviews

to identify requirements took about 90 minutes each. Fur-
ther, after we built our interactive web systems based on the
identified requirements, the experts have been available for
our user study as described in Section 5.3. This way, we
ensuredhigh-quality insights by engaging expertswith exten-
sive experience in creating web archive collections. Their
deep understanding of technical requirements and user needs
guided our research and development process from start to
finish.

The interview questions covered key areas related to web
archive event collections, including the selection criteria for
topics, creation processes, user information needs, collection
characteristics, and specific features associated with event
collections. To guide our interviews, we prepared 18 ques-
tions listed in the first column of Tables 7, 8 and 9 in the
Appendix.

3.2 Findings

Tables 7, 8 and 9 in the Appendix provide a summary of
our interviews. We identify the following common patterns
in the responses provided by various experts and institutions
regarding the creation of web archive collections:

Curators’ expertise (G1): Effective event collection
curation requires understanding the event and its key aspects.
However, finding experts with the necessary knowledge for
event-specific curation is typically challenging.

Resource and time constraints (G1): Traditional collec-
tion methods are resource-intensive and time-consuming.

Managing information overload (G1): Event collections
distinguish themselves from thematic collections by their
temporal aspect. Events happen at specific moments in time,
resulting in an explosion of online information. Handling
a huge amount of information given the limited time and
resources is crucial in collection creation.

Users (G2): While assumptions are made that users are
from the general public and academia, there is still a lack
of knowledge and studies about web archive users and their
information needs.

Quality (G3): A successful event collection covers key
aspects of the event and connects with users, providing valu-
able insights and information.

Size and presentation (G3): Web archive collections can
range fromas fewas50 to several thousandwebsites. Size and
display are two important factors in user engagement. Well-
organised collections with rich metadata and sub-categories
facilitate user navigation and improve user engagement.

Reflecting time and society (G3): Web archive collec-
tions reflect the context of their time and are considered the
collective memory of a country (or community). They are
valuable resources, documenting the narrative of events and
the evolution of thoughts and views of people in a time.
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3.3 Requirements

Fromour interviewfindings, we derive the following require-
ments for the creation of event collections fromweb archives
(RQ1):

Coverage: A successful event collection should com-
prehensively cover key aspects of the event, establishing
meaningful connections with users by offering valuable
insights and information.

Structure: Collections must be well-organised, include
rich metadata, sub-categories, and carefully selected web-
sites to improve overall accessibility. Sub-collections and
sub-categories can help meet user information needs and
their navigation and enhance overall accessibility as the size
of collections increases.

Plurality: To ensure representation, event-centric collec-
tions approaches should capture the voices on the margins
and people with diverse backgrounds and views (e.g., gen-
der, politics, ethics, religion).

While plurality is a highly relevant requirement for the
representativeness of an event collection, it requires to dis-
cover and understand viewpoints in the documents which is
a highly complex and potentially subjective task [47, 48].
We address this requirement to some extent by incorporat-
ing diversity-based ranking, but we primarily focus on the
first two requirements in the remainder of this article. Also,
we focus on text documents and not other modalities (e.g.,
videos) or social media.

4 Event Collection Creation

In this section, we first introduce the notation of our model
to build event collections from web4. Then, we introduce
EventExplorer, our approach to automatic event collection
creation based on our insights gained from the interviews
(Section 3).

4.1 Problem Statement

In this article,we focus at the task of event collection creation.

Definition 1 (Event Collection Creation) Let D be the text
documents5 on the web and EKG an event knowledge
graph that contains events, entities and their relations [38,
49]. Given a query event of interest q, the goal of event
collection creation is to return a ranked set of documents
Dq = {d1, d2, ..., dk} which represent the coverage of the
event on the web.

4 In this context, web refers to both web archives and the live web.
5 Throughout this article, we use the terms “document” and “website”
interchangeably.

Following the requirements identified in our interviews,
we require the generated event collections to be structured
through sub-collections [4]:

Definition 2 (Event Collection Structuring) Event collec-
tion structuring represents the event collection as a set of
sub-collections Sq = {Dq,1, Dq,2, ..., Dq,k} where each
sub-collection Dq,i ∈ Sq contains documents relevant to a
specific aspect aspecti of the event.

The goal of event collection structuring is to represent the
event collection in a way to make it accessible to a user for
exploring the event.

For the event collection and each of its sub-collections,
a set of descriptive components enables navigation through
the collections:

Definition 3 (Descriptive Components) For each event (sub-
)collection and its documents D, a set of descriptive compo-
nents needs to be generated: (i) a summary briefly describing
the event based on D, (ii) metadata (time, participants,
locations) extracted from D and (iii) a timeline denoting
important happenings reported in D. For summary and time-
line, references to the specific documents in D from which
information is extracted need to be provided.

These components allow a user to interact with the col-
lection and its documents efficiently.

4.2 Overview of EventExplorer

Fig. 2 gives an overview of our approach EventExplorer6 at
the example of using aweb archive for event collection gener-
ation. EventExplorer identifies event aspects to capture user
information needs (structure requirement). For each aspect,
EventExplorer retrieves documents from a web archive’s
API. The documents are ranked with themonoBERT ranking
model [25] and diversified following the coverage require-
ment identified in the interviews. A general ranking of
documents for the event is achieved by aggregating all
aspects. For user interaction,EventExplorer follows the naive
Retrieval-AugmentedGeneration (RAG) approach [9]where
we use the retrieved document collections to augment the
prompts to a Large Language Model (LLM) for generating
three types of components describing the events.

It is important to note that EventExplorer is capable of
adapting to the specific constraints of web archives. First,
due to the dimensionality of web archives, there is no pos-
sibility of creating our own indexes over the documents D.
Instead, EventExplorer’s document retrieval step can only

6 The EventExplorer retrieval and ranking code are available online:
https://github.com/saraabdollahi/EventExplorer
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Event Aspect

Identification

Aspects:
aspect1

Document

Retrieval

Question Templates

General Event

Collection

Creation

Descriptive

Component

Generation
Diversified

Ranking

Metadata

Summary

Timeline

Query event 

Result

Grenfell Tower fire

Ranking

Diversification

MS-MARCO-

EVENT

The Grenfell Tower fire occurred on June 14,

2017 and resulted in the death of 79 people [2] ...

Web Archive API

Jun 14, 2017: A massive fire engulfs the

Grenfell Tower in London [9] [10] ...

Locations: Grenfell Tower, London ...

Event

Knowledge

Graph

Query: Grenfell

Tower fire Result

 

Theresa May aspect
2

What was the result

of the [event]?

Fig. 2 Overview ofEventExplorer applied on aweb archive. An example event (“Grenfell Tower fire”) and two of its aspects (“Result” and “Theresa
May”) are shown in green. The generation of three descriptive components for the documents in the first aspect is shown

access documents by boolean term-based search using exist-
ing web APIs7. Consequently, EventExplorer allows event
collection creation in an ad-hoc manner and can easily be
extended to different web archives with search functionali-
ties. Second, retrieving the full content of archived websites
is typically time-consuming [7]. Therefore, EventExplorer
only requires the availability of website snippets, typically
retrieved together with the query results.

4.3 Event Aspects Identification

Our approach to creating collections goes beyond the rel-
evance of individual documents to queries. Considering
documents in isolation and independent of other documents,
we may encounter the potential issue of retrieving highly
relevant yet redundant information. To avoid this issue,
EventExplorer considers aspects as representations of users’
information needs (similar to the concept of information
nuggets [51]), ensuring a more comprehensive and diverse
understanding of the event. Each aspect models specific
details that users seek regarding an event.

4.3.1 Event Aspects Analysis

In a first preprocessing step, we aim to uncover the diverse
information needs of users regarding events. Precisely, we
manually explore a collection of event-based user queries
and find out what specific aspects of events (e.g, the event
date and location) users are interested in. Further, we analyse

7 Examples of such APIs that allow full-text search in web archives
include the Wayback Machine (https://archive.org/advancedsearch.
php) and the Portuguese Web Archive (https://arquivo.pt/) [50].

if these aspects differ across event types (e.g., sports events
vs. crises). The derived event aspects statistics will later help
us in retrieving relevant aspects regarding the query event of
interest.

To conduct our event aspects analysis, we leverage the
MS − MARCOEV ENT dataset8, which consists of user
queries related to events (e.g., “What day was the Galveston
hurricane?”). As event types, we use classes in the DBpedia
ontology (e.g., SportsEvent9). We have manually anno-
tated the queries in MS − MARCOEV ENT to identify a
set of recurring aspects and their distributions across event
types.10

Our analysis reveals that there are five frequently recurring
aspects across event types (similar to the event elements in
[52]): When, Where, Who11, Result and Cause. To illustrate
these aspects with an example, Table 1 presents one selected
example query per aspect from MS − MARCOEV ENT for
the eventWorld War II. The distribution of event aspects for
two specific event types is shown in Table 2.

Only 12% of the queries in MS−MARCOEV ENT could
not be assigned to any of these five event aspects. Examples
include the queries “Why is it called George Pickett’s migra-
tion at the Battle of Gettysburg?” and “What was the major
difference between the American and French revolutions?”.

8 https://github.com/saraabdollahi/MusQuE/tree/main/Data
9 https://dbpedia.org/ontology/SportsEvent
10 We manually performed event aspect identification as a one-time
preprocessing step to ensure accuracy. However, we acknowledge that
text classification could be adapted for automation.
11 Given a query event, we will identify more fine-grained aspects of
Where andWho: for example, “Theresa May” is an aspect of the Brexit
covering the aspect Who.
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Table 1 One example query per
aspect in the
MS − MARCOEV ENT queries
about the event World War II

Aspect Example Query

Result How many people died during WWII?

Cause Why was the failure of treaty of Versailles a cause of WWII?

When What date did World War two end?

Where Where did WWII begin?

Who Who was leader of Italy during WWII?

Table 2 Distribution of aspects for two event types in MS − MAR-
COEV ENT

Aspect SportsEvent Crisis

When 46% 24%

Where 29% 7%

Who 15% 13%

Result 3% 31%

Cause 2% 24%

Others 5% 1%

Since these cases appear infrequently, we decided to focus
on the mentioned five aspects for event aspects retrieval.

As a result of our event aspects analysis, we manually
group the DBpedia event types into planned events (e.g.,
SportsEvent and Election) and unexpected events
(e.g., Crisis). For the event aspects retrieval described in
the next section, we consider Cause, Result, When, Where
and Who as relevant aspects of unexpected events while the
aspect Cause is not applicable for planned events (for exam-
ple, as shown in Table 2, only 2% of queries about sports
events ask about their cause).

4.3.2 Event Aspects Retrieval

Given the query eventq,we identify relevant aspects basedon
the knowledge gained in our event aspects analysis. First, we
select the aspectsResult andWhen, aswell asCause for unex-
pected events. Second, we retrieve more fine-grained aspects
of Where and Who, namely, the event locations and partic-
ipants. To this end, we utilise the event knowledge graph
EKG and select entities directly connected to q via the prop-
erties hasPlace and hasActor12 following our previous
work [37]. Entities from the EKG that are neither of type
person nor location are categorised under the aspect Other.

As an example, Fig. 3 illustrates selected entities related
to the event “Grenfell Tower fire” in an EKG connected
through various relations such as place, actor, sub-event, and

12 These are properties in the namespace of the Simple Event Model
[53], which is, for example, used in the EventKG [38].

Grenfell
Tower fire

London

United
Kingdom

place

has cause

North
Kensington

Sub-event Theresa
May

actor

Theresa May agrees to appoint a panel to help oversee the 
Grenfell fire inquiry, following pressure from campaigners.

place

description

sub-event

refrigerator

place

Aspect: Other

Aspect:
Who

Aspect:
Where

Aspect:
Where

Aspect: Where

Fig. 3 Knowledge graph representation of “Grenfell Tower fire”, illus-
trating the related places, participants, and description. Each entity is
colour-coded to represent its respective aspect: green for “where”, yel-
low for “who” and blue for “other”

cause13. Precisely, we retrieve the aspects Result, Cause,
When,the participants (Who) “Theresa May”, “Metropolitan
Police”, “London Fire Brigade”, and the locations (Where)
“United Kingdom”, “London” and “North Kensington”.

Each aspect comes with its name that is later used for
query expansion and a question template (e.g., “What was
the result of the [event]?” and “[event] [participant]”) later
used for ranking.

4.4 Document Retrieval

For each identified aspect of the event, we create an expanded
query where we add the aspect name to the event name
(e.g., “Grenfell Tower fire London Fire Brigade”). Date fil-
ters are added to the queries following our insights from
the interviews (see Table 9: “How is the time span for an
event collection selected?” – answers of experts 3 and 4): for
planned events, we search for documents crawled 2 months
before and after the event date. For unexpected events, we
consider 4 months after the event. Under these constraints,
we retrieve the top 1, 000 documents for each aspect from
the target web archive’s search interface14, which usually
employs a fast, sparse retrieval method.

13 To increase readability, we show property labels instead of their
URIs.
14 In the case of using the live web APIs, such as the Bing API, we
follow the same retrieval process.
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It is important to highlight that, to maintain efficiency, our
focus during this step is specifically on retrieving document
snippets instead of the full website contents.

4.5 Diversified Ranking

For each aspect,we employ themonoBERT rankingmodel [25]
to rank the documents retrieved in the previous stage, where
we formulate the queries to resemble natural language
questions using the question templates introduced in Sec-
tion 4.3.2. monoBERT is an efficient and robust document
ranking model that has been widely adopted for document
ranking and has been shown to outperforms traditional and
lightweight approaches while remaining computationally
efficient [54]. It has achieved significant improvements over
traditional document ranking models by leveraging BERT’s
understanding of document and query semantics.

Building upon BERT and other language models, models
such as DuoBERT [30], PARADE [29], and ColBERT [55]
introduce mechanisms like passage representation aggrega-
tion, multi-stage ranking, and late interaction to improve
ranking effectiveness. While these models aim to optimize
efficiency, they often require additional training and involve
increased computational complexity during both training and
inference phases. We selectmonoBERT due to its simplicity,
reproducibility, and effectiveness which make it a preferred
alternative to other document rankingmodels built upon sim-
ilar architectures.

To adapt monoBERT to event-specific characteristics, we
have fine-tunedBERTonMS−MARCOEV ENT with refor-
mulated questions using the annotated aspects and question
templates.15

4.5.1 Diversification

To ensure broad coverage of topics and inclusion of dif-
ferent views in the top-ranked documents per aspect, we
perform diversified ranking through a greedy re-ranking
algorithm as in [56]. First, we establish an initial ranking
according to individual relevance to the query computed by
monoBERT (ScoremonoBERT ). Subsequently, starting from
the top-ranked document and moving down, we calculate
each document’s temporal and textual dissimilarity to all
documents ranked above. This way, we not only consider the
individual relevance of a document but also its temporal and
textual distinctiveness to other highly ranked documents. The
final diversified ranking score of a document d is then calcu-
lated through a linear combination of the monoBERT score

15 While our ranking model is trained on MS − MARCOEV ENT , it
can be used to rank any documents and is not constrained on this dataset.

and the average textual dissimilarity and temporal deviations.

Scorediversi f ied(d, Dq,i ) =
α · ScoremonoBERT (d, Aspecti )

+ β · Diversi t ytext (d, Dq,i )

+ γ · Diversi t ytime(d, Dq,i ),

(1)

where Dq,i is the sub-collection of event q and its aspect
aspecti .

Diversi t ytext is the degreeof textual dissimilarity between
a document and those ranked above measured by averaging
over the cosine distances of their monoBERT embeddings.
For a document d at rank k, i.e., dk , it is computed as follows:

Diversitytext(dk, Dq,i ) = 1

k − 1
·

k−1∑

r=1

(1 − CosineSimilarity(dk, dr ))
(2)

where theCosineSimilari t y of two documents dr and d j

measures their textual similarity based on their embeddings:

CosineSimilarity(dr , d j ) =
Embed(dr ) · Embed(d j )

‖Embed(dr )‖ · ‖Embed(d j )‖
(3)

Diversi t ytime is the mean temporal deviation between a
document and the documents ranked above – measured by
averaging over their differences in crawling or publication
dates as follows:

Diversitytime(dk, Dq,i ) = 1

k − 1
·

k−1∑

r=1

(DateDifference(dk, dr ))
(4)

where DateDifference(dk, dr ) is the absolute difference
in days between the two documents’ crawling or publication
dates.

4.6 General Event Collection Creation

After diversified ranking for each aspect, we also create a
general ranking of the event documents that represents all
considered aspects together, ensuring a comprehensive col-
lection with wide coverage. To achieve this, we take all
documents in each sub-collection and rank them by their
respective maximum score in the sub-collections.

4.7 Descriptive Component Generation
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Fig. 4 Screenshot of the EventExplorer interface showing the event “Grenfell Tower fire” given the aspect “Where” and related entity “United
Kingdom”

As evidenced by our findings in the interviews (Section
3.2), a major challenge when dealing with web archive col-
lections is to manage the information overload, i.e., to enable
users to traverse the collections efficiently, specifically in the
context of close and distance-reading views [6]. Therefore,
as introduced in Definition 3, we aim at creating the fol-
lowing types of descriptive components allowing intuitive
exploration of the event and its documents: summary, meta-
data, and timeline.

For each aspect and the general ranking, we prompt an
LLM three times to generate the components. To write these
prompts, we use prefix prompts created throughmanual tem-
plate engineering as described by Liu et al. [57]. To provide
information about the documents to the LLM, we use RAG
by augmenting the prompts with the retrieved and ranked
documents.

Listing 1 shows an example prompt for generating a time-
line, metadata and summary of the event “Grenfell Tower
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Listing1 Example prompt for timeline generation of the event “Grenfell
Tower fire”

Follow my instructions as precisely as possible. Only provide the
requested output, nothing more. I am giving you the name of and
event and a JSON list of news articles about the event. Your task is
to provide a timeline JSON of all the articles that should focus on
the event. You can use all articles. For each item in the timeline,
provide references to the articles using their identifiers. Only use
information that is contained in the articles.

This is an example:

=== Event ===

Event: 2017 London Bridge attack

=== News Articles ===

{"11":{"Title":"Twilight Language: London Bridge Attack", "Snippet
":"Saturday, June 03, 2017 London Bridge Attack A white van
mowed down pedestrians as it sped down London ...", "Crawl Date
":"2/August/2017"},...}

=== Timeline ===

[{"Date": "2017/June/3", "Text": "A white van mows down
pedestrians on London Bridge and in Borough Market in a terrorist
attack.", "Articles": ["1", "5"]}, ...]

=== End of Timeline ===

This is your task:

=== Event ===

Event: Grenfell Tower fire

=== News Articles ===

{"1": {"Title": "The View from Cullingworth: regulation", "Snippet":
" ... Wednesday morning I started watching Grenfell Tower burning
... ", "Crawl Date": "5/August/2017"},...}

=== Timeline ===

fire” based on its general document ranking16. These prompts
consist of an instruction followed by an example and the tar-
get event. The example consists of an event name (“2017
London Bridge Attack”), a JSON object of 20 news articles
(with title, crawl date and snippet) and another JSON object
with an example timeline, where each timeline entry comes
with a list of identifiers (here, 1 and 5) that refer to docu-
ments related to the timeline entry. Then, the name of the
target event and a JSON object of retrieved news articles is
given.

With similar prompts, we generate summaries and meta-
data (information regarding the date range, locations and
relevant subjects). We follow this approach for the general
ranking and for each aspect, where we provide 10 documents
and ask the LLM to specifically focus on the aspect. Table 3
shows the prompts and example outputs of the RAG-based

16 This promptwas shortened and reformatted for brevity. For examples
of complete prompts used in EventExplorer, see https://eventexplorer.
l3s.uni-hannover.de/resources.

component generation for the event “Grenfell Tower fire”,
including the common instruction.

4.8 EventExplorer Configuration

We fine-tune monoBERT on MS − MARCOEV ENT util-
ising the bert-base-uncased model with 12 layers on
5 epochs. To balance between ranking score, text and time
diversity, we set parameters α, β and γ in Equation 1 to 0.7,
0.15 and 0.15, respectively (more details in Section 5.2).
To create descriptive components, we use the gpt-3.5-
turbo-instruct model from OpenAI17. As our event
knowledge graph EKG, we leverage EventKG [38] for event
aspects retrieval described in Section 4.3.2.

5 Studies onWeb Archives and News
Collections

In this section, we study EventExplorer’s performance on
creating event collections based on archived information.
First, we evaluate EventExplorer’s ranking capability com-
pared to a set of baselines. Second, we study the influences
of its ranking parameters. Finally, we conduct a user study
on EventExplorer’s results from web archives.

5.1 Ranking Evaluation

We compare EventExplorer’s ranking capabilities with three
baselines using the gold standard introduced by Nanni et
al. [22] that provides manual relevance labels of event-
related articles in the NYT corpus – a corpus with over
1.8 million New York Times news articles from 1987 to
2007, covering several societal, political, and cultural events.
Since this gold standard does not concern retrieval or reward
diversity, we solely evaluate the ranking performance of
monoBERT (excluding the text and time diversities) trained
on MS − MARCOEV ENT as applied by EventExplorer.

We compare the performance of our ranking approach
with three baselines:

• Event-name [58] retrieves documents by TF-IDF cosine
similarity and based on the keywords of the event name.

• IDCM [59] leverages an intra-document cascade rank-
ing approach, employing knowledge distillation during
training and utilising DistilBERT [60] architecture. It is
trained on the MS-MARCO dataset [61].

• Nanni et al. [22] build event collections from large
datasets by retrieving core documents related to an event
and additional documents describing related aspects by

17 https://platform.openai.com/
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Table 3 Prompts and results of
RAG-based component
generation for the example event
Grenfell Tower Fire. Each task
description begins with the
following common instruction
to emphasise the importance of
following the provided
guidelines precisely: “Follow
my instructions as precisely as
possible. Only provide the
requested output, nothing more.
I am giving you the name of an
event and a JSON list of news
articles about the event”

Task Prompt (Task Description) Example Output

Summary Generation Your task is to provide a summary of
all the articles that should focus on
the event. Provide references to the
articles using their identifiers. Only
use information that is contained in
the articles.

The Grenfell Tower fire occurred on
June 14 and resulted in a large num-
ber of casualties and injuries. It was
treated as a major incident, with 58
assumeddead. Thefirewas believed
to be caused by a malfunctioning
appliance and the building’s lack of
proper fire safety measures

Metadata Generation Your task is to provide a metadata
JSON which consists of the date
range of the event reported in the
articles, the event locations men-
tioned in the articles and the event
subjects mentioned in the articles.

• Time range: Jun 14, 2017 - Aug
06, 2017 • Subjects: Fire, Housing,
Poverty, Safety • Locations: Lon-
don, Grenfell Tower

Timeline Generation Your task is to provide a timeline
JSON of all the articles that should
focus on the event. For each item
in the timeline, provide references
to the articles using their identifiers.
Only use information that is con-
tained in the articles.

• Jun 14, 2017: A fire engulfs the
24-floor Grenfell Tower in West
London, resulting in multiple fatal-
ities and injuries • Jun 15, 2017:
Residents are asked to shine torches
and phones out of their windows
to assist the fire brigade in their
response to the Grenfell Tower fire.
• Jun 17, 2017: British pop star
Adele shows her support for victims
of the Grenfell Tower fire.

Table 4 Ranking performance comparison by mean average precision
(MAP) for all events and three specific event types

All Election War Crisis

Event-name [58] 0.35 0.30 0.47 0.29

IDCM [59] 0.56 0.56 0.68 0.49

Nanni et al. [22] 0.64 0.54 0.75 0.66

EventExplorer 0.70 0.72 0.75 0.64

identifying. This is achieved through the identification of
relevant entities from knowledge graphs.18

Table 4 presents the ranking performance of EventEx-
plorer and the baseline methods, measured by mean average
precision (MAP). For overall ranking performance across
all events, EventExplorer achieves a MAP of 0.70, outper-
forming the other methods. Specifically, EventExplorer is
superior to the baselines in “Elections” and “War” event
types, achieving the highestMAP scores. For “Crisis” events,
while Nanni et al. achieves the highest score, EventExplorer
follows closely in second place. These results highlight the
effectiveness and reliability of EventExplorer in ranking
event-related documents across different categories.

18 While re-implementing this baseline for our experiments, we have
been in conversation with its authors to double-check the validity of our
implementation.

In contrast to the baselines, our approach is specifically
designed to leverage snippets instead of full websites to
achieve greater efficiency.By employingLLMs,we can com-
prehend the full context of a website from just a snippet,
making our method both effective and resource-efficient.
In contrast, Nanni et al. rely on TF-IDF term frequencies.
This traditional method can be less effective with snippets,
as they may lack the context provided by full texts, poten-
tially missing important terms dispersed throughout a longer
document. Therefore, our LLM-based method offers a sig-
nificant advantage in maintaining contextual understanding
while enhancing efficiency.

5.2 Parameter Study

We investigate the influence of the parameters introduced in
Equation 1 that control ranking diversity. Fig. 5 demonstrates
the relationship between the parameters α, β, and γ and their
respective impacts on various diversities and ranking scores
within the top-10 highest ranked documents (the number of
documents selected for descriptive components). Here, text
diversity is the number of unique words normalised by col-
lection size, time diversity is the normalised mean pairwise
difference of document dates, and mean ranking score is the
average of the documents’ monoBERT scores.

The text and time diversity demonstrate a similar pattern
of gradual increase as β and γ increase from 0.0 to 0.9. A
consistent upward trend in mean ranking scores is observed
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Fig. 5 Parameter study: Effects of changing the parameters α (weight
of ranking score), β (weight of text diversity) and γ (weight of time
diversity) of the diversified ranking (Equation 1)

as α increases, although this trend becomes less considerable
beyond an α value of 0.7. This suggests that we can reach
a trade-off between relevance and diversity (text and time
diversities) with our configuration α = 0.7, β = 0.15 and
γ = 0.15.

5.3 User Study

To obtain feedback on automatically created event col-
lections from web archives, we conduct a user study on
EventExplorer with the same experts as in our interviews.

5.3.1 User Interface

To combine our approaches for document retrieval, ranking
and descriptive component generation, we implemented a
user interface shown in Fig. 4 that is also available online.19

For the purposes of the user study,EventExplorer retrieves
Englishdocuments from thePortugueseWebArchive (PWA)20,
an openly available web archive that contains archived web-
sites from 2007 on and serves as a valuable repository of both
global and Portuguese-specific online content. Specifically,
it provides a keyword-based search engine [50] used for our
document retrieval step when using web archives.

5.3.2 Setup

Our user study aims to gather insights and feedback on the
created event collections and user interface. It involves the
five experts described in Section 3.1 who were already inter-
viewed. For our user study, they are given a link to the

19 https://eventexplorer.l3s.uni-hannover.de/user_study_pwa_en/
20 https://arquivo.pt/?l=en

EventExplorer website, asked to explore one or more events
and to fill out an online questionnaire.

We made the following events available on the EventEx-
plorer website for our user study:

• 2017 Welsh local elections
• 2017 Scottish local elections
• 2018 United Kingdom local elections
• 2020 British Grand Prix
• 2017 London Bridge Attack
• Grenfell Tower fire
• 70th British Academy Film Awards
• Poisoning of Sergei and Yulia Skripal
• Eurovision Song Contest 2018
• 2017 Catalan independence referendum

We have selected these events to ensure representation of
different event types, including sports events, political events,
and cultural events.

The questionnaire consists of three main sections: (i) the
top websites of an event collection’s general ranking, (ii)
the event aspects, and (iii) the descriptive components. In
each section, the participants are invited to provide additional
comments. The questions are presented as statements with
clickable scales, requiring the participants to indicate their
agreement level, ranging from strongly disagree to strongly
agree. We used Fleiss’ Kappa [62] as a metric to measure the
level of agreement among participants in our study, resulting
in a value of κ = 0.35.

5.3.3 Results

The results of our questionnaires are presented in Fig. 6. The
statements regarding the descriptive components received
the highest scores, suggesting high satisfaction with sum-
maries, metadata, and timelines. Similarly, the statement
group “Event Aspects” received positive feedback. In con-
trast, the statements about topwebsites received lower scores,
indicating potential limitations with document retrieval and
ranking of web archives documents.

We also asked the experts to rate the usefulness of aspect
types, using ratings ranging from Not Useful to Extremely
Useful. Based on the usefulness scores depicted in Fig. 7,
Cause has the highest level of usefulness, followed byWhen.
The aspectsResult,Where, andWho all have identical scores,
while the aspect Other shows the lowest score.

Through the comments provided by the experts, we gained
closer insights that are detailed in the following.

Relevance and coverage of top Websites. The experts
discussed the importance of prioritising the websites origi-
nating from the country where the event occurred. They also
observed that somewebsites lacked relevance or only a small
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Fig. 6 Box plots of participant responses on the questionnaire statements. � marks the averages and × marks outliers

Fig. 7 Box plots of participant responses on the usefulness of event
aspects. � marks the averages and × marks outliers

section being relevant to the event. Additionally, the partic-
ipants emphasised the need for a diverse range of website
types, including news media and official publications such
as government statements. However, one participant high-
lighted that despite the limitations of relying only on English
results of PWA, which represent only a small portion of the
available content, our results were diverse, and the content
was aggregated and structured in an interesting way.

Event Aspects. One of the participants suggested that
the aspects When and Where could be adequately described
in the collection’s metadata. Regarding the Result aspect,
another expert expressed difficulty in interpreting its pur-
pose, mentioning the complexity of defining event outcomes
within this framework.Overall, the experts acknowledged the
event aspects, especially Who, When and Where as helpful,
indicating their importance in the process of creating event
collection and afterwards, its exploration.

Different Components. As evidenced by the final state-
ment in Fig. 6, the experts agreed that having different
summaries,metadata, and timelines for both the general rank-
ing and each aspect was useful (RQ2). According to their
comments, they found the summary and its links to docu-

ments in the collection helpful, though some noted a few
inaccuracies in the provided links. They noted the clarity
and simplicity of the metadata but recommended expanding
it to include details about the collection’s provenance, such
as its curators and curation process. The timeline received
positive feedback for providing a clear narrative, improving
understanding and navigating, especially for visual learners.
Suggestions for improvement included refining the linking
mechanism and providing clearer explanations of the cov-
ered time periods.

Interface Design. One participant acknowledged the
value of offering different entry points into the event col-
lections to support users with diverse learning preferences.
The experts also praised the interface for effectively guiding
users without biases or obstacles and for being user-friendly.

6 Studies on the LiveWeb

In this section, we study how EventExplorer performs when
applied on the live web. First, we qualitatively compare event
collections created from a web archive to event collections
created from the live web. Second, we present a case study
about European elections. Finally, we conduct a source anal-
ysis examining different sources for timeline generation and
compare the performance of different LLMs in timeline gen-
eration.

6.1 The LiveWeb Results on Event Collections

In Section 5.3, we presented our user study of 10 events using
the Portuguese Web Archive (PWA). Now, we replicate this
process using the Bing Web Search API21 to create event
collections for the same events22, allowing us to compare
insights from the live web data.

21 https://www.microsoft.com/en-us/bing/apis/bing-web-search-api
22 https://eventexplorer.l3s.uni-hannover.de/user_study_bing_en/
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Fig. 8 Screenshot of the EventExplorer interface showing the event “Grenfell Tower fire” given the aspect “Who” and related entity “TheresaMay”
(web archive result)

Our observations indicate that the most significant differ-
ence between the collections generated using the Bing API
and those using the PWA lies in the quality of the search
results. The Bing API consistently returns highly relevant
results, while the search functionality of web archives often
provides less relevant results.

Additionally, the quality of snippets retrieved from the
Bing API is better than those from the PWA. In the web
archives results, snippets could come from less important
parts of the websites, such as navigational elements. This

misalignment impacts the generated event collections: first,
the quality of created descriptive components like timelines
is affected. Second,when following the presented links, users
might find the website content unrelated.

In contrast, theBingAPI provides highly relevant snippets
that accurately represent the content of the entire website.
This improves both the navigation experience – ensuring
users land on relevant websites – and the generation of
descriptive components, as the snippets offer a reliable sum-
mary of the website’s content.
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Fig. 9 Screenshot of the EventExplorer interface showing the event “Grenfell Tower fire” given the aspect “Who” and related entity “TheresaMay”
(the live web result)

As an example, Fig. 8 and Fig. 9 illustrate the event “Gren-
fell Tower fire” focusing on the aspect “Who” and the related
entity “Theresa May” based on websites in the PWA and
Bing, respectively. All timeline items in the live web version
(Fig. 9) are about Theresa May. In contrast, the timeline gen-
erated from the web archive results contains six items, where
three of them do not mention "Theresa May" (Fig. 8).

6.2 Case Study on Elections in Europe

We conduct a case study on event collection creation on the
live web by generating event collections for a large set of
European elections using the Bing API.

In this case study23,we focus on recent elections inEurope
such as the “Romanian presidential election in 2019” and the
“German presidential election in 2022”. With this focus, we
aim to provide a selection of events that are similar in struc-
ture but diverse in their cultural perception. Additionally, we
note that the analysis of elections on the web has attracted
major attention in recent years. This is evidenced by Wei et
al. [63] who provide an overview of 44 papers about elec-
tions on the web published between 1994 to 2023 at TheWeb
Conference alone – revealing the impact of the web on elec-
tions through data-driven election campaigns, the spread of
false information and more.

23 https://eventexplorer.l3s.uni-hannover.de/elections_bing_en/
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Fig. 10 Case Study of elections in Europe in EventExplorer

We aim to facilitate the exploration and understanding of
these events across regions and through our created collec-
tions by covering a wide range of countries and electoral
events. Precisely, we select the last two presidential and leg-
islative elections from 50 European countries as our set of
events in this case study24. This way, we retrieve a total of
166 elections in Europe for which we retrieve and rank doc-
uments and generate the descriptive components.

To followupon (RQ3), this case study is based onwebsites
retrieved from the live web employing the Bing API. This
allows us to assess the potential advantages of accessing high
quality results of current search engines on creating event
collections, and examine the adaptability of EventExplorer
across different web environments.

Fig. 10 shows the main interface into EventExplorer’s
collection of European elections which is also available
online25. Following an analysis of the 166 elections accessi-
ble through this interface, we derive three main observations:
(i) By applying EventExplorer’s event collection genera-
tion strategies on a large set of events using a different
source, we demonstrate its generalisability. (ii) Through the
event aspects retrieval with a knowledge graph, we ensure
unbiased selection of connected entities, which are mainly
politicians and parties who have been candidates of the spe-
cific elections. (iii) Through the web search API, we retrieve
high-quality results, however, at a loss of rich archived infor-

24 We selected the last legislative and presidential elections (https://en.
wikipedia.org/wiki/List_of_next_general_elections) and queriedEven-
tKG for their respective previous editions.
25 https://eventexplorer.l3s.uni-hannover.de/elections_bing_en/

mation reflecting the web’s perception of an election at the
time happening.

6.3 Source Analysis

We analyse the benefits and downsides of five different
sources for timeline generation (RQ3). Apart from the PWA
and Bing search results introduced before, we leverage news
collections by utilisingGoogle’s news searchwithin the same
time frame as EventExplorer, extracting snippets from the
top 20 news articles and constructing a timeline as described
in Section 4.7. Additionally, we ask Microsoft Copilot, a
RAG-based chatbot for timeline generation [64]. Lastly, as
an example of an LLM without performing RAG, we ask
ChatGPT for timeline generation.

For our analysis, we generate five timelines of the event
“Poisoning of Sergei and Yulia Skripal” using the described
sources. Fig. 11 demonstrates the screenshots of the results
obtained from these sources. Table 5 provides statistics of
the timelines, illustrating significant differences among the
sources. Since it does not use RAG, ChatGPT lacks links,
and Copilot only provides 3 links. PWA using EventExplorer
emerges as the most diverse approach, offering aspects and a
robust text diversity score of 0.62 and a mean temporal devi-
ation score of 0.49. Regarding the accuracy of the timeline
dates, Bing and Google News using EventExplorer outper-
form other approaches. Notably, the cleaner snippets from
Google and Bing compared to the snippets from PWA likely
contribute to their higher date accuracy. Finally, while Copi-
lot and ChatGPT cover wide time ranges of multiple years,
PWA, Bing and Google clearly focus on documents close to
the event’s time and thus allow exploring the event from a
perspective of when the event actually unfolded.

6.4 LLM Analysis

In addition to analysing different sources for timeline gen-
eration, we evaluate the performance of various LLMs in
generating timelines from the same source. For this, we gen-
erate timelines given the Bing search results for the same
event as in the previous section (“Poisoning of Sergei and
Yulia Skripal”) usingfivedifferentLLMs:OpenAI’sGPT-3.5
andGPT-4o26,Anthropic’sClaude 3.5Haiku27, aswell as the
smaller open-source LLMs Llama 3.3 [65] and Microsoft’s
Phi-1428. The results are summarized in Table 6 using the
same metrics as in the source analysis.

26 https://platform.openai.com/docs/models#gpt-4o
27 https://www.anthropic.com/claude/haiku
28 https://techcommunity.microsoft.com/blog/aiplatformblog/
introducing-phi-4-microsoft’s-newest-small-language-model-
specializing-in-comple/4357090
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Table 5 Comparative analysis of timeline generation by different sources and methods. EE-G indicates the integration of timeline generation
component of EventExplorer on the source data

Mean Temp.Deviation #Links Text Diversity Correct Dates Time Span

PWA + EE-G 0.49 16 0.62 60% 4 months

Bing + EE-G 0.39 17 0.52 90% 5 months

Google News + EE-G 0.35 12 0.54 89% 3 months

Copilot 0.49 3 0.43 33% 2 years

ChatGPT 0.38 0 0.61 20% 3 years

Table 6 Comparative analysis of timeline generation by different LLMs using Bing search results (i.e., variations of Bing + EE-G)

LLM #LLM Parameters Mean Temp. Deviation #Links Text Diversity Correct Dates Time Span

GPT-3.5 175B 0.39 17 0.52 90% 5 months

GPT-4o 1.8T 0.39 20 0.62 100% 4 months

Claude 3.5 Haiku unknown 0.46 11 0.72 100% 4 months

Llama 3.3 70B 0.43 12 0.63 85% 4 months

Phi-4 14B No valid JSON output generated

GPT-4odemonstrates the best overall performance, achiev-
ing high accuracy, diversity, and link inclusion, although it
falls behind the other LLMs in terms of temporal devia-
tion. Claude 3.5 Haiku exhibits the highest text diversity but
provides the fewest links to the source documents. GPT-3.5
extends the timeline’s timespan but is slightly outperformed
by the other LLMs in terms of text diversity and date accu-
racy.

Among the open-source LLMs, while Phi-4 (14B param-
eters) is able to understand the task of timeline generation, it
was unable to generate the desired JSON output. However,
it is worth noting that, despite having much less parameters
(70B compared to GPT3.5’s 175B), the open-source LLM
LLama 3.3 still generates timelines of comparable quality.
Thus, Llama 3.3 is an efficient and accessible alternative for
EventExplorer’s timeline generation.

7 Discussion

In this section, we discuss our findings from generating event
collections from web archives, highlighting our successes,
challenges, and the key insights gained. Following this, we
analyse the lessons learned from generating event collections
from the live web and how its use addresses the challenges
faced with web archives.

7.1 Insights and Challenges inWeb Archives Event
Collection

A core part of our article is the idea of creating event collec-
tions from web archives, aimed at automating tasks that web

archivists usually manage through manual curation. While
we encountered several challenges, the feedback from web
archivists on our results has been promising.

Automated methods offer scalability and efficiency of
event collection creation. These methods can potentially
process large amounts of data, facilitating the creation of
comprehensive event collections, and overcoming budget
constraints and limitations in expert availability. Moreover,
automated approaches can provide descriptive components
for these collections, helping users navigate and increasing
engagement.

By employing approaches such as EventExplorer, web
archivists can broaden the scope of their collections, captur-
ing a more diverse range of events and their aspects. Notably,
theyvalue thedescriptive components of our approach,which
increase narrative clarity and understanding of event collec-
tion.

However, challenges arise from the different priorities
between the two discussed approaches, i.e., automated cura-
tion and manual curation. While automated methods pri-
oritise achieving efficiency and scalability in information
retrieval (acknowledging the possibility of getting unrelated
results as a trade-off), web archivists emphasise carefully
selecting relevant websites to maintain collection integrity.
This contrast highlights the need for balance and collabora-
tion between the two groups to ensure that event collections
are comprehensive and relevant and their creation is scalable
and efficient (RQ4).

In the following, we outline several key challenges to be
addressed in future research to improve event collection cre-
ation from web archives further.
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Fig. 11 Screenshots of timelines generated from various sources for the event “Poisoning of Sergei and Yulia Skripal”. Due to space limitations,
the ChatGPT, Microsoft Copilot and Google News screenshots do not depict the complete contents
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• While the precision of document selection is of immense
importance, the search functionality of web archive inter-
faces typically falls behind the current dense document
retrieval methodologies (e.g., due to the large volumes of
web archives).

• The displayed snippets in web archives search results
lack the quality found in search engines like Google and
Bing, impacting ranking approaches primarily based on
snippets.

• Creating descriptive components using RAG, occasion-
ally presents inaccuracies in referencing input articles.
This is often due to the response quality of naive RAG,
which may be affected by hallucination, leading to unre-
lated answers to the context [66].

• Capturing the voices on the margins and people with
diverse backgrounds and views as mentioned in Sec-
tion 3.3 is still a major challenge that needs more effort
in applying unbiased learning approaches and requires
crawling techniques that deal with blind spots in web
archives [67].

• Existing collectionmethods andmost web archive crawl-
ing approaches prioritise text while overlooking other
modalities such as video and social media sources. How-
ever, according to the interviews in Tables 7, 8 and 9,
there is a need for diverse modalities, building connec-
tions with people, and capturing social impact.

• According to the user study results in Section 5.3.3,
diversewebsite publications such as newsmedia and gov-
ernment statements should be included in collections.
Relying only on a web archive’s API and its existing
crawls may miss such sources.

7.2 Event Collections:Web Archives versus LiveWeb

To enhance event collection creation, a few targeted improve-
ments to web archives can be highly effective (RQ5). Our
case study with European Elections collections using Bing
API in Section 6.2 demonstrated the advantages of using the
live web data for creating event collection. We observed that
Bing’s search quality and the relevance of its results were
better than those from web archives. Specifically, the qual-
ity of snippets was noticeably higher. These improvements
highlight the potential of quality of data in addressing two
key challenges identified in web archives in Section 7.1: the
search functionality of web archive interfaces, and limited
snippet quality. By applying approaches and practices from
the live web search engines such as Bing, these issues can
be addressed effectively. Web archives hold significant value
for creating event collections, and improving their search
capabilities and snippet quality would enhance their utility.
Incorporating lessons learned from the live web can help

bridge the gaps and make web archives more effective for
event collection purposes.

8 Conclusion & FutureWork

In this article, we addressed the task of creating collections of
societally impactful events from web. Through expert inter-
views, we gained insights into the requirements for building
and utilising event collections from the perspective of web
archivists (RQ1). Subsequently, we developed EventEx-
plorer, our method for efficiently creating event collections
and helping users in exploring them. Our analysis of the user
study focused on web archives results, received mainly pos-
itive feedback from the experts, specifically regarding the
descriptive components created via retrieval-augmented aug-
mentation (RQ2).We extended our collectionswith a focused
case study on elections in Europe, leveraging search func-
tionalities on the live web. This case study demonstrates the
potential of our approach to address the identified challenges
and further enhance the capabilities ofEventExplorer (RQ3).

Our findings emphasise the importance of developing
automatic collection creation approaches and highlight the
significance of collaboration between information retrieval
researchers and web archivists to meet the needs of users in
navigating and understanding web archives content (RQ4).
For bringing together manual curation of web archive col-
lections and automatic creation, we identified a set of key
challenges that serve as a basis for future endeavours in the
fields of information retrieval and web archives (RQ5).

For future work, we see several potential directions to
extend EventExplorer, including enabling the real-time cre-
ation of event collections. However, we should consider
constraints such as the time required for collecting and pro-
cessing data and the costs associated with APIs, such as
OpenAI, which will be critical factors in the scalability and
practicality of our solution. Another potential direction is
incorporating functionalities that allow web archivists to
modify and refine collected event collections, providing flex-
ibility in curating and maintaining collections. Additionally,
interviews with experts from diverse backgrounds, including
those fromvariousweb archiving institutionswill help to gain
a more comprehensive understanding of user and archivist
needs.

A Appendix

Tables 7, 8 and 9 summarize our interviews conducted as
described in Section 3.
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